their nutritional and chemical profile is altered and improved during germination. The purpose of this study was to find the best ratio of the powdered wheat (WS), oat (OS) and barley (BS) sprouts for designing the cereal sprout mixture (CSM) with the highest total phenolic content (TPh) and antioxidant capacity (AC), using Simplex-Centroid experimental design and response surface methodology (RSM). Single-and multi-response optimizations showed that OS did not contribute to TPh or AC values of CSM and, therefore, was not included in any of
INTRODUCTION
In the recent years, consumption of cereal sprouts has become an innovation in nutrition. They have received attention as a functional food due to many benefits they express on human health (1) . These benefits have been mostly attributed to the content of dietary fiber, essential fatty acids, vitamins and antioxidant phytochemicals, including several phenolic compounds available in the cereals (2, 3) . Antioxidants present in whole grain was used. Cereal seeds were sanitized with 5% H 2 O 2 solution for 5 minutes, soaked in water for 6 h in the dark, drained and washed with distilled water. Sodden seeds (40 g) were distributed on the filter paper in pottery trays and left for 15 h in darkness. Germination was conducted consecutively in light mode (10.000 lux) at 21±1 o C during 18 h, and dark mode at 17±1 o C for 6 h, for six days. In total, germination lasted for seven days. During the first three days, the trays were covered with pierced parafilm and sprayed with water several times a day. On the fourth day, the parafilm was removed and ambient air humidifier was used till the end of germination. Excess liquid was decanted once a day. Harvested sprouts were freeze-dried (Alpha 2-4 LSC Martin Christ, Osterode, Germany) and ground. Powdered wheat (WS), oat (OS) and barley (BS) sprouts were packed in separate vacuumed plastic bags and stored at -20ºC pending further analysis.
Mixture design
In order to find the optimal cereal sprout mixture (CSM), response surface methodology (RSM) was used to optimize the content of each cereal sprout in the mixture. The experimental design adopted was a Simplex-Centroid design for three variables at four levels. The three independent variables were the share of OS, BS and WS in CSM. The tested values of the independent variables were 0, 0.33, 0.50 and 1. The complete design consisted of 8 experimental points (formulations) presented in Table 1 . 
Extraction procedure
For spectrophotometrical analysis of total phenolic content as well as of AC of samples, a portion of 50 mg of CSM powder was extracted with 500 μl of methanol (70%, v/v) in an ultrasonic bath for 20 min, followed by agitation using a laboratory shaker at 200 rpm (Unimax 1010, Heidolph Instruments GmbH, Kelheim, Germany) under light protection for 2 h, at room temperature, and then filtered (Whatman paper No. 1). Total phenolics were determined spectrophotometrically according to the FolinCiocalteu method (15) . The content of total phenolics was expressed as mg of gallic acid equivalents (GAE) per 100g of CSM dry weight.
Antioxidant capacity by DPPH assay
The AC of the CSM extracts was assessed by evaluation of the free radical scavenging effect on 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical, according to the method proposed by Brand-Williams et al. (16) . The ability to scavenge DPPH radicals, i.e. AC, was calculated following the formula:
where A C is the absorbance of the control, and A S is the absorbance of the sample. The results were also expressed as µmol Trolox equivalents (TE) per 100 g CSM dry weight.
Statistical analysis
Data were reported as mean ± standard deviation (SD) of three independent experiments. Data were analyzed by one-way analysis of variance (ANOVA). The level of significance was 95% (p≤0.05). Data were analyzed by using OriginPro 8 SR2 software (OriginLab Corporation, MA, USA). Optimizations were carried out using Design-Expert version 10 (Stat-Ease, Inc, MN, USA).
RESULTS AND DISCUSSION
In this study, RSM was used in order to find the optimal ratio between wheat, oat and barley sprouts in the mixture with the highest functional characteristics, i.e. polyphenol content and antioxidant capacity. Testing the CSM formulations of OS, BS and WS powders, selected according to the Simplex-Centroid mixture design model (Table 1) , yielded the values of dependent variables (TPh and AC) presented in Table 2 . Phenolic compounds are considered as a major group of the phytochemicals that contribute to the antioxidant capacity of cereals (17) . Eight formulations of CSM containing OS, BS and WS and their combinations had a TPh of between 261.32 and 372.32 mg GAE/100g (Table 1) , where the mixtures containing BS and WS (formulation 7) had the highest TPh. Comparing the results for the formulations which consisted of only one variety of cereal sprout, it is evident that WS (formulations 2 and 6) had the lowest amount of phenolics, but not significantly different (p>0.05) than OS (formulation 8), while the pure BS samples (formulation 5) showed superior total phenolic values (367.71 32 mgGAE/100g). Hernanz et al. (18) have reported that barley sprouts contain a wide range of phenolic antioxidants, and amino phenolic compounds present in free and bound forms. Ilona et al. (19) found that TPh in barley seeds (var. Klass) is 196 mg GAE/100 g. In the study of Bleidere et al. (20) , TPh values in barley seeds ranged from 143.6 to 262.1 mg GAE/100g. Significantly higher values obtained in this study are probably the result of sprouting, besides the differences among varieties, agronomic and postharvest techniques, sampling and extraction procedures, etc. However, Kruma et al. (21) observed higher values of TPh in barley seeds, similar to the ones obtained for barley sprouts in our study, ranging from 351 to 460 mg GAE/100g. It has been determined that, unlike other cereals, barley contains significant amounts of flavonoids, including flavan-3-ols (monomers, dimers and trimmers) and flavonoid-derived tannins (22) . According to the reports of Chu et al. (23) oat seeds possessed lower TPh values than sprouts of oats tested in this study, ranging from 57 to 94 mg GAE/100g. It should be considered that the oat samples in the study of Chu et al. (23) were not sprouted, extracts were obtained with different solvents and under different conditions, and abovementioned factors such as climate, varieties and growing regions may also explain the differences. Total phenolic content of sprouted wheat, in the study of Alvarez-Jubete et al. (24) , was 110 mg GAE/100g, which is significantly higher than TPh of wheat seeds in the same study (53.1 mg GAE/100g), pointing out to the effect of sprouting on phenolics in cereals. Also, the value for the WS in our study was significantly higher (p<0.05). Comparing the TPh values of CSM obtained by mixing 2 or 3 sprout varieties, the lowest TPh values were obtained when BS was excluded (formulation 4), while mixing WS and BS was favorable.
DPPH (2,2-diphenyl-1-picrylhydrazyl) assay is a simple and precise method to determine the antioxidant activity of various plant extracts (25) . The CSM containing pure BS, and combinations of BS with OS or WS (formulations 5, 1 and 7, respectively), expressed the best AC (568.73, 419.92 and 406.20 µmol TE/100g, respectively), which is in accordance with the superior TPh values in BS (Table 2 ). This can indicate that there is low incidence or lack of synergism between the phytochemicals present in tested sprouts. In contrast, the formulations containing pure OS, and combination of OS and WS (formulations 8 and 4, respectively), had the lowest AC values (224.81 and 274.24 µmol TE/100g, respectively), which is in line with their low TPh values.
Single and multi-response optimization was carried out in order to find the optimal CSM with the highest TPh and AC. These results are reported in Table 3 .
Original scientific paper 100 Single-response optimization was performed to optimize the defined responses, total phenolic content and antioxidant capacity. The respective response surfaces are presented in Figure 1 . Based on these results, the optimal mixture with maximum TPh (381.28 mg GAE/100g) can be obtained by mixing 82% BS, 0% OS and 18% WS (Figure 1a ). On the other hand, it was found that pure BS shows maximum scavenging activity on DPPH radicals (559.66 µmol TE/100g) (Figure 1b) . For selecting the optimal mixture, a multi-response optimization was employed, where both responses, i.e. TPh and AC, are considered at the same time and the obtained result represents the optimal composition that provides maximum values of both responses, TPh and AC (Table 3 ). The designed optimal CSM included 96% BS and 4% WS, excluding OS as the component which did not contribute to the desirable functionality of CSM.
The CSM formulation predicted in multi-response optimization ( 
CONCLUSION
Response surface methodology and Simplex-Centroid mixture design were used to optimize the best composition of wheat, oat and barley sprouts, with the aim to achieve the best functional properties of the mixture, i.e. the highest total polyphenol contents and antioxidant capacity. Single-response, as well as multi-response optimization showed that oat sprouts did not contribute to any of the functional properties of mixtures and, therefore, was not included in the composition of the optimized mixtures. On the other hand, due to the barley sprouts' superiority in total polyphenol contents and antioxidant capacity, the combination of 96% barley sprouts and 4% wheat sprouts was proposed as optimized formulation with the most favorable functional parameters. The designed formulation with optimal composition was experimentally confirmed. The experimental data were in a good agreement with the predicted values, thus confirming the validity and adequacy of the predicted models and indicating that the proposed method is reliable for determining the optimum mixture formulation. Original scientific paper
